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Abstract: During the design of sports equipment, the main focus is usually on physical
performance attributes, neglecting key subjective factors such as feel or comfort. The personal
protective equipment worn in sport is a typical example of where injury prevention has taken
precedence over user comfort, but it is anticipated that, with an improved approach to the
design process, comfort can be enhanced without sacrificing protection. Using cricket leg
guards as an example, this study aims to develop a systematic method for assessing user
perceptions and incorporating them into the design process. Using this method, players’ per-
ceptions of the factors that influence comfort were elicited through the use of co-discovery
sessions, focus groups, and individual interviews and analysed through an inductive process to
produce a comfort model. The relative importance of the different comfort dimensions were
identified through the use of an online questionnaire utilizing the analytical hierarchy process
method. Through the combination of these methods, six general dimensions were identified
with a weighting regarding the amount to which each one determines a user’s perceived
comfort. These results demonstrate how subjective analysis can be integrated into the design
process, allowing for end users’ preferences to be considered and integrated.
Keywords: cricket, protective equipment, subjective analysis
1 INTRODUCTION
Because of the increasingly competitive nature of the
sports equipment and apparel market manufacturers
are constantly trying to improve the performance and
comfort of athletes through the development of new
products. To date, the majority of research has focused
on increasing performance through enhanced power,
speed, or accuracy, with less emphasis placed on
evaluating perceptions of comfort, even though the
user’s subjective assessment ultimately determines
their satisfaction with a product and their perception
of the brand. Customer satisfaction is a phenomenon
that typically occurs when the perceived performance
and benefits of a product exceed the expectations of
the customer [1] and it is widely accepted that custo-
mer satisfaction levels and long-term brand loyalty are
influenced by emotions during and after the use of a
product [2]. Comfort has been identified as having a
major influence on these emotions as it is influenced
by the state of mind that the individual is in [3] and
therefore is an important factor that influences user
satisfaction with a product.
For sports such as cricket, which require large
amounts of personal protective equipment (PPE),
comfort is of increased importance owing to the
interactivity between player and equipment. Histo-
rically, comfort was considered a luxury and of
secondary importance to other features such as
protection within PPE. The death of seven collegiate
American footballers due to heat stroke between
1959 and 1962 [4] demonstrated that comfort was not
just a luxury but a key safety feature, which needs to
be considered when developing sports equipment.
Comfort has also been found to influence perfor-
mance across a wide range of both cognitive, and
physical activities, highlighting the negative effects
that discomfort can have on students’ examination
performance and maximal grip strength performance
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[5–8], again demonstrating the need for products to
be developed with increased perceived comfort.
Initially, research within the field of comfort was
plagued with idiosyncratic terminology that was ill
defined [9], causing a lack of operational constructs
and a general confusion about attributes relevant to
comfort and the qualities that are important [10]. As
research progressed, a general comfort framework
was developed [11] and modified [12, 13] finally res-
ulting in the ‘comfort model’ described by Branson
and Sweeney [14]. The Branson–Sweeney [14] model
maintained the idea developed by Fourt and Hollies
[11] that comfort is determined by the interaction
of the individual with their clothing in a particular
environment, which has become known as the com-
fort triad. In their model, however, Branson and
Sweeney [14] shifted the focus away from this being
the main categorization mechanism, stating that
each component in the comfort triad consists of both
physical and social–psychological dimensions. For
example, physical dimensions of clothing include
fibre content, fabric structure, and heat transfer
properties, whereas the social–psychological attri-
butes include style and fashionability. The physical
factors are often referred to as variables because most
physical attributes are readily capable of being
controlled or manipulated to produce observable
changes in physiological systems, whereas the social–
psychological dimensions are documented as being
much more fuzzy and difficult to quantify but are
growing in recognition regarding their influence on
perceived comfort [14].
Through the use of this model, further research has
identified four main clothing and equipment aspects
which influence perceived comfort [15–18]:
(a) thermal comfort;
(b) sensorial comfort;
(c) fit;
(d) aesthetics.
Each aspect was seen to be made up of different
clothing properties; for example, abrasiveness, soft-
ness, and coarseness were seen to determine sensorial
comfort, whereas thermal comfort consisted of absor-
bency and breathability [17]. Although this generalized
comfort model did further develop the understanding
of how perceptions of comfort are generated, the
appropriateness of one model for all sporting situa-
tions and items of clothing has yet to be justified,
owing to the inherent differences between sports and
the nature in which the equipment and clothing is
used. Within the Branson–Sweeney [14] model, they
indicate the interactive nature of the different elements
contributing to the user’s perceived comfort. There is
no indication, however, of the amount that different
factors contribute to the overall perceived comfort and
whether this is dependent on the individual and the
nature of use. For example, cricket pads are worn over
the top of trousers which will affect the characteristics
that are most influential to the user’s perceived com-
fort, compared with an item of PPE which directly
contacts the skin.
Current work within the field of comfort has largely
focused on product evaluation rather than consumer
needs, through the utilization of questionnaires to
obtain subjective ratings. This focus has been evident
within a range of studies looking at military and ser-
vices PPE [15] and school backpacks [19]. Although
this research is invaluable in terms of product assess-
ment, its appropriateness for consumer needs analysis
is questionable because of the lack of opportunity for
the participant to describe fully the sensation of dis-
comfort and its cause.
In the wider field of product development, numer-
ous approaches have been advocated for incorporat-
ing the ‘voice of the consumer’ (VOC) into the design
process, such as quality function deployment (QFD)
and Kansei engineering. Ulrich and Eppinger [20]
discussed the methodological requirements for iden-
tifying customer needs and proposed the following
aims for a successful method:
(a) to ensure that the product is focused on customer
needs;
(b) to identify latent or hidden needs as well as
explicit needs;
(c) to provide a fact base to justify product specifi-
cations;
(d) to create an archival record of the needs activity
of the development process;
(e) to ensure that no critical customer need is missed
or forgotten;
(f) to develop a common understanding of customer
needs among members of the development team.
Through the adoption of these methodological
considerations it is possible for a channel of infor-
mation between the target consumer and product
developers to be established, allowing interaction
between them to aid in the development of a more
suitable product.
Several methods have been used within product
development to help bridge this gap between the
end user and the design team. Kansei engineering
involves the identification of product features that
influence consumer satisfaction through the use
of product semantics, i.e. words or expressions des-
cribing product attributes that are collected from
interviews, articles, web pages, advertisements, etc.
[21]. Underlying patterns in the semantic space can
then be obtained by analysing subjects’ product
ratings obtained from semantic difference scales
formed from the identified words [22]. Although this
process highlights product attributes that influence
consumer perception, little detailed information on
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the individual attributes is obtained and limited
understanding is derived regarding complex consumer
needs. The aim of QFD is to deploy the VOC
throughout the design process by relating product
features to consumer needs [23]. QFD is more of a
development tool that builds on consumer needs that
have to be identified in advance. Many different
techniques have been used to identify these needs
including interviews, focus groups, and repertory
grids. These in-depth approaches are more suitable
for understanding the comfort of a product as they
are likely to provide much more detailed information
on product attributes such as their physical and
social–psychological influence on users’ comfort [24].
Therefore, a more in-depth user-driven approach
is required if the design process is to address the end
users’ needs in terms of comfort, developing an
understanding of key design features and the way
that they interact to determine perceived comfort.
This study aims to develop a systematic method for
identifying and understanding the complex interaction
and relative importance of the factors that influence
comfort, through the development of a specific com-
fort model. This information can then be utilized
within the design process, and differences between
groups of players can be studied. Through the com-
pletion of these aims, this study hopes to build on
previous work by Barrass et al. [23], by developing
players’ perceptions into a hierarchical structure pro-
viding design teams with greater amounts of informa-
tion from the end user, allowing for more comfortable
products to be designed and manufactured.
2 DEVELOPMENT OF A COMFORT MODEL FOR
CRICKET LEG GUARDS
Previous research has utilized an inductive analysis
process to represent players’ perceptions on a variety
of subjects and items of sporting equipment [23,
25–29]. The inductive analysis process structures raw
qualitative data, collected through techniques such as
interviews, allowing significant components to emerge
from the data through the process of clustering. This
method of data analysis can be used in conjunction
with a process known as structured relationship mod-
elling, developed by Roberts et al. [29], which allows
any inter-component links to be identified, giving a
greater understanding of how different design features
interact and contribute to users’ perceptions. This
method was deemed suitable for developing an app-
ropriate comfort model owing to the increased recep-
tiveness and input of consumer information and the
reduced constraints of data collection.
To develop a comfort model, a two-stage method-
ology was developed. The first stage aimed to
generate a representative tree structure and relation-
ship model of factors affecting perceived comfort,
whereas the second phase looked to develop this tree
structure into a hierarchy, indicating the relative
importance of the different factors. The development
of a hierarchy is discussed in section 3.
The first phase was conducted to allow design
features perceived to influence comfort to be identi-
fied through the technique of structured relationship
modelling developed by Roberts et al. [29]. This-
technique was chosen for the following reasons [30].
1. Subjects can be observed using the product in
question.
2. It provides an opportunity for subjects to
experience and discuss the beneficial and detri-
mental features of the product.
3. The user is able to discuss possible improve-
ments in the design.
4. The process is flexible and consumer led, focus-
ing on issues of importance to them.
5. It allows the use of visual and tactile stimuli to
increase the quantity and quality of data produced.
6. The investigator can probe answers given by the
subject, increasing understanding.
7. Non-verbal communication can be recorded.
2.1 Methodology
The study design process developed by Roberts et al.
[29] was used as a basis to generate the experimental
design but was modified to include methodological
triangulation in the data collection process. Method-
ological triangulation was used in recognition of
potential effects of biases when only one method is
used [31]. To increase the validity and reliability of
results, three data collection methods were utilized;
these were co-discovery, focus groups, and individual
interviews. These three methods were used because
their individual strengths appropriately balance out
Table 1 Characteristics of three data collection methods
Co-discovery Focus group Individual interviews
Opportunities for probing None Extensive Extensive
Investigator influence Limited Extensive Extensive
Group effect Extensive Extensive None
Freedom of participant Extensive Average Limited
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each other’s weaknesses, as demonstrated in Table 1.
The main possible sources of error were identified as
investigator bias and group effect. To compensate for
these, a co-discovery session was included in order to
provide a source of data collection where the inter-
viewer was not present, preventing them from being
able to influence the data through predetermined
theories, beliefs, or opinions. The individual inter-
views were also included to compensate for existing
roles within the group influencing the results. This trio
of methods was considered more suitable than the
repertorygrid techniqueas, ina studycomparing three
attribute elicitation procedures, Steenkamp and Van
Trijp [32] concluded that free elicitation (i.e. inter-
views) yielded more attributes articulated at a higher
level, was preferred by the subject, and wasmore time
efficient when compared with repertory grids.
2.1.1 Participants
In accordance with the work of Patton [33], purpo-
seful sampling was used to increase comprehensive-
ness of results through the utilization of ‘information-
rich’ participants, allowing for greater insight into
issues of central importance. For the first phase of
this study, 20 participants playing at either county
first- or second-team level, or an equivalent standard,
were used owing to the increased amount of time
spent using the equipment in training and compe-
tition. The participants had a mean age of 19.9 (–1.7)
years, were male, and all played as top-order bats-
man. Sixteen of the participants participated in the
co-discovery and focus group sessions, and four
participated in the individual interview process used
for validation purposes.
2.1.2 Co-discovery
The test procedure began with a co-discovery session
involving a group of five or six players with no inves-
tigator present. The players were asked to investigate
the six pairs of pads, which were chosen as a rep-
resentative sample of the market, and to discuss
the positive and negative attributes of the pads, and
the features that they would change to increase com-
fort. The co-discovery sessions lasted approximately
20min and all data were recorded for further analysis.
2.1.3 Practical testing
Following the co-discovery session, each participant
was required to use two different types of pad (allo-
cated at random) for 5–10min, facing a minimum of
ten balls in each pad. The players were encouraged to
run between the wickets when they felt they had hit a
scoring shot. They were also asked to pad several
balls away, allowing for a complete assessment of the
pads’ performance. No control pads were used to
reduce kinaesthetic after-effects, preventing fixations
on certain stimuli and augmentation or reduction in
sensations [34]. Once each player had completed the
practical testing, they were interviewed within a
focus group setting.
2.1.4 Focus group
For the focus groups, a naturalistic approach was
used, because this research was of an explorative
nature. Naturalistic inquiry is deemed suitable as
theory is of an a posteriori rather than a priori nature.
This is seen to be beneficial in exploratory research
[35] because it minimizes investigator bias and
restraint on subjects’ responses, allowing for a more
detailed and representative reflection of subjects’
perceptions. A framework for the focus group session
was developed in the form of an interview guide,
where a list of possible questions was outlined. Each
question was carefully worded to prevent them from
being directive or suggestive, to allow a true ref-
lection of the subjects’ opinions to be gathered.
Although some questions were set, the direction of
the discussion was determined by the participants‘
responses. Open-ended questions were used because
of the greater understanding gained through them
[36], allowing the researcher to gain a more insightful
reflection of the participants’ perceptions, while
capturing their view point without predetermined
biases influencing the results [37].
2.2 Data analysis procedure
An inductive analysis was conducted to analyse the
initial data. This method was considered the most
suitable qualitative data analysis technique as it
condenses extensive and varied raw text data into
a brief summary format, establishing clear links
between the research objectives and the summary
findings. Finally it allows for models and theories to
be developed about the underlying structure of
experiences or processes which are evident in the raw
data [37].
An inductive analysis is considered beneficial for
discovery research as it allows findings to emerge from
the frequent, dominant, or significant themes inherent
in the raw data [37], rather than using previous find-
ings to determine the structure of the results, as can be
seen in deductive methods. This approach has been
utilized in several well-established methods including
‘grounded theory’ [38], where it is used to aid under-
standing and to give meaning to complex data through
grouping together of themes and subcategories present
within the raw data.
The first stage in the analysis procedure was to
transcribe verbatim the recorded sessions and to
become familiar with the content. Once familiarity
with the data was gained, it was organized into
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structured meaningful themes by comparing and
contrasting each quote with all other quotes and
emergent themes, so that quotes with a similar
meaning could be united and quotes with different
meanings separated. This process was conducted
using the software package NVIVO 7, which assists in
grouping together similar quotes, allowing different
categories to be formed and linked together to pro-
duce base themes. The base themes were then
grouped together to form lower-order subthemes.
Within this process, alternative classification
schemes of the same base themes were created; all
possible classifications were formed and refined by
removing redundant classifications. A classification
was considered to be redundant if all base themes
could be recoded into another alternative dimen-
sion [29]. This process was then repeated until it was
not possible to group further the different categories
together. The results were validated through investi-
gator triangulation to ensure the correct grouping of
quotes and base themes, reducing possible bias and
increasing validity.
2.3 Validation process
Four individual interviews were then conducted to
validate the results further. The interviews were con-
ducted while participants completed a practical test
of different pads, in a similar manner to the practical
assessment previously described. Four different pads
were used by each participant, covering the range of
pads available on the market. Prior to the testing of
each pad, the participants were asked for their initial
assessment of the equipment. Throughout the use of
each pad, feedback on its performance was recorded
and a final evaluation was gathered post-use. This
method was then repeated for all pads. The data col-
lected were transcribed and analysed through a
deductive process, where quotes were grouped into
the themes that emerged from the inductive analysis
of the focus group and co-discovery sessions. By uti-
lizing a deductive approach, the applicability of the
model developed through the inductive analysis pro-
cess previously outlined was assessed. If no new
themes emerged, it could be concluded that a data
saturation point had been reached.
2.4 Structured relationship modelling
The data collected were then analysed through the
use of a technique called structured relationship
modelling, developed by Roberts et al. [29]. Quotes
highlighting the interaction of different factors influ-
encing the users’ perceived comfort were used to link
different themes, and dimensions allowing for further
understanding of how different aspects of the pad
design interact to determine perceived comfort.
2.5 Tree structure results
Six general dimensions emerged from the inductive
analysis of the data. These were ‘fit’, ‘aesthetics’,
‘weight’, ‘protection’, ‘thermal comfort’, and ‘sensorial
comfort’. As the complete set of results is too extensive
for the confines of this paper, the example of aesthetics
will be presented to illustrate the results. The general
dimension of aesthetics, depicted in Fig. 1, demon-
strates how the data were processed, progressing from
initial quotes on the left to the general dimension on
the right, through the use of the technique known as
clustering [29].
The aesthetics dimension (Fig. 1) was built from
the three subthemes of ‘look of the pad’, ‘self-image’
and ‘shape’. A player’s initial impressions of a pad are
largely determined by the appearance and this can
influence their preferences.
‘They could be the best pad on the table, but I would
sooner go for the better looking pad.’
‘[I’d rank] these fourth, just purely because they don’t
look like a cricket pad.’
The appearance of a pad was found to influence
comfort in a psychological manner owing to the
stereotypes and traditions of the sport. This was
encompassed by the base theme ‘style of the pad’,
and generally players described a preference for a
more traditional-looking pad.
‘More traditional [design] than futuristic, that’s the
way I like pads.’
‘These rank lower because of looks. They are a good
pad. . .they are light, but the looks for me [aren’t right];
they just don’t look like a cricket pad.’
‘I like the idea of these and they are a good pad but
again, personal preference, I like the old school-look-
ing pads which a lot of players do, the traditional type.’
Although these examples show that the majority of
players prefer a traditional-looking pad there is also
the suggestion that, as technology becomes increas-
ingly important, change is imminent and, over time,
objections to the look of modern pads will be over-
come.
‘ “Does it look good?” will die out when people realize
that, to increase performance, you have to go with
modern-looking pads.’
‘In the end, futuristic pads will become more popular
. . . but, at the moment, people want to stick to what
they are used to.’
‘Because of how light they are and how well they hug
your leg and how good they feel when you are running
. . . you will have to compromise [on looks] a bit I
suppose.’
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Fig. 1 General dimension tree structure for aesthetics
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These more positive comments suggest that mod-
ern designs will become more popular, but it will be a
gradual change. Currently, for a pad to be deemed
acceptable, a balance between technological advan-
cement and traditional appearance needs to be
maintained.
The appearance of a pad can determine a cricke-
ter’s willingness to use the pad and can influence
how comfortable they will feel. Owing to peer pres-
sure, pad appearance can affect self-consciousness
and consequently the user’s comfort. Therefore ‘self-
image’ is the final subtheme of aesthetics.
‘They are quite comfortable, though you just look like
you have fat legs in them.’
‘You would get absolutely ripped for them as look at
them; I definitely wouldn’t wear these at club level.’
‘If you turn up on a Saturday wearing them you would
just get annihilated; it wouldn’t be worth it, which is
probably why most of the county players haven’t taken
this style of pads on.’
2.6 Relationship modelling
A section of the structured relationship model that
was developed from the initial map is shown in Fig. 2
and illustrates how different dimensions are per-
ceived to interact. The full relationship model con-
tains all six general dimensions with 13 inter-
dimension relationships.
In Fig. 2, the interaction between the general
dimensions of fit and protection can be seen. These
interactions highlight the influence that one general
dimension can have on another. For example,
responses from the participants illustrated the way
that the amount that the pad wraps around your leg
can influence the users’ perceived exposure to the
ball, or the amount of padding can determine the
perceived flexibility and size of the pad, as well as
how the pad affects movement. These relationships
were demonstrated through various quotes about
shape to the body and exposure to the ball.
‘This pad just doesn’t shape to the leg; so you feel that
the ball can hit you here.’
About amount of padding and movement:
‘These pads have more padding, [but it] makes you
feel like you can’t move in them.’
About amount of padding and flexibility:
‘You want to have extra padding but this makes it less
flexible.’
And about amount of padding and size
‘This pad has loads of padding which is good, but they
feel really big because of it.’
These relationships highlight the interaction bet-
ween the different dimensions associated with
comfort; however, to utilize these results fully in
determining possible trade-offs within the design
process, further understanding of the contributory
affect of each dimension on perceived comfort is still
needed.
3 DEVELOPING A HIERARCHY
The aim of developing the results from the relation-
ship modelling process into a hierarchy is to allow
designers to gain further understanding of product
needs, by attributing a relative importance weighting
to each of the six general dimensions identified,
allowing for trade-offs to be made within the design
process to maximize perceived comfort.
Once the initial data had been collected and
analysed using the inductive analysis process, the
general dimensions identified were utilized within a
pair-wise comparison administered to 108 partici-
pants through an online questionnaire. The pairwise
comparisons were completed in accordance with the
analytical hierarchy process (AHP) [39], allowing for
the results from the initial data collection and analy-
sis process to be represented in a hierarchical struc-
ture. The AHP method was utilized because of its
ability to decompose a complex multi-criteria pro-
blem into a hierarchy [39] with the advantage of
allowing participants to assign different magnitudes
of opinion in comparison with the restricted respon-
ses within traditional pairwise comparisons. The
participants were asked to indicate how much more
important one general dimension was compared with
another in determining their comfort using a relative
importance scale. The scale used to compare fit and
weight is illustrated in Fig. 3 as an example.
Using these judgements a prioritized rank order
was developed. This was done through the composi-
tion of an n · n pairwise comparison matrix for each
respondent according to equation (1)
A ¼ ½aij ¼
C1
C2
..
.
Cn
1 a12    a1n
1
a12
1    a2n
..
. ..
. . .
. ..
.
1
a1n
1
a2n
   1
2
6664
3
7775
C1 C2    Cn
ð1Þ
where n is the number of general dimensions. In
equation (1), aij represents a quantified judgement
on each pair of elements Ci and Cj (where C1, C2, . . ., Cn
in this case denote the general dimensions). If
two elements Ci and Cj are judged of equal impor-
tance, aij¼ aji¼ 1. If Ci is judged to be ‘slightly
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Fig. 2 Example section of the structured relationship model
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more important’, ‘more important’, or ‘much more
important’, aij takes a value of 3, 5, or 7 respectively
and aji¼ 1/aij. Alternatively if Cj is judged to have a
greater importance, then aij takes the value of
1
3,
1
5 or
1
7,
depending on the magnitude of importance, and
again aji¼ 1/aij. An example of a completed matrix is
shown in Table 2.
After all pairwise comparison matrices were
formed for each respondent, vectors of weights w
were computed on the basis of Satty’s eigenvector
procedure. The weights were calculated through a
two-step process; initially the pairwise comparison
matrix was normalized through equation (2)
aij ¼ aijPn
i¼1 aij
ð2Þ
and then the weights were calculated through equa-
tion (3)
wi ¼
Pn
j¼1 aij
n
ð3Þ
The
Pn
i¼1wi ¼ 1, and the values of wi are an indica-
tion, in this case, of the relative importance of each
comfort dimension for that particular respondent.
There is a common relationship between the vector
weights w and the pairwise comparison matrix A
demonstrated within equation (4)
Aw ¼ lmaxw ð4Þ
Through the use of lmax, data can be screened
through the development of a consistency ratio (CR)
of the estimated vector. The CR can be calculated
once the consistency index (CI) for each matrix of
order n has been determined through equation (5)
CI ¼ lmax  n
n 1 ð5Þ
Then CR is calculated through equation (6)
CR ¼ CI
RI
ð6Þ
RI is the random consistency index obtained from a
randomly generated pairwise comparison matrix and
is a set value dependent on n, which is the number of
general dimensions identified within the first stage of
testing. An RI value of 1.24 was used in accordance
with the work of Saaty [39]. The CR can vary between
0 and 1 and is a measure of the consistency of an
individual subject’s responses, with a higher number
indicating a greater degree of inconsistency in their
data. Typically a maximum value is selected and the
data from subjects whose CR exceeds this value are
removed from the analysis. For this study, a max-
imum CR of 0.2 (20 per cent) was utilized instead of
0.1 (10 per cent) to make the results more inclusive
and, as a result, the data from eight subjects were
removed.
3.1 Statistical analysis of AHP results
The weightings determined for each subject were
then combined to give an overall weighting. Stat-
istical analysis of the combined AHP results was
completed to determine whether there were any sig-
nificant differences in perceived relative importance
of the general dimensions ascertained in the initial
analysis. A standard analysis of variance was not sui-
table because the results were not totally independent
of one another; therefore a bootstrapping technique
was utilized to obtain a 95 per cent biased corrected
accelerated (BCa) confidence interval. This technique
involves resampling (with replacement) of a given
sample, where subsamples are withdrawn from the
original data and replaced by replicating random other
Fig. 3 Example question and response bar used within the AHP online questionnaire
Table 2 Example of a completed pairwise comparison matrix
Weight Thermal comfort Protection Fit Sensorial comfort Aesthetics
Weight 1 3 3 3 7 7
Thermal comfort 0.33 1 0.14 0.33 3 7
Protection 0.33 7 1 3 3 7
Fit 0.33 3 0.33 1 3 7
Sensorial comfort 0.14 0.33 0.33 0.33 1 3
Aesthetics 0.14 0.14 0.14 0.14 0.33 1
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samples. For example, from the 100 eligible respon-
dents to the questionnaire, a new subsample may
consist of 90 of their scores with ten replicated results
used to produce a new sample of 100. The mean
weighting for this new sample is calculated before the
procedure is repeated 10000 times. From this, the 95
per cent BCa is calculated.
Utilizing this method allows a valid statistical
result even if the standard statistical assumption of
normality does not hold. This statistical process was
regarded as more valid or reliable than other possible
methods such as jackknife and cross-validation as,
rather than deleting results, bootstrapping utilizes a
constant resampling with replacement method to
develop an empirical distribution for a given sample
statistic that provides the framework for computing
the averages, standard errors, and confidence inter-
vals [40, 41]. Because the sampling or resampling in
the bootstrap method takes place, the combinations
of samples are limitless and are driven by random
number generators from the Monte Carlo technique.
Weightings were deemed significantly different if no
overlap occurred between dimensions when the
95 per cent confidence intervals were evaluated.
3.2 AHP results
A hierarchy of importance regarding perceived
comfort was developed through the use of the AHP,
assigning a specific weighting to each of the six
general dimensions previously identified. The
mean weighting for each dimension for the 100
eligible respondents was calculated and is shown in
Fig. 4. Within the 100 accepted responses out of the
108 respondents, the mean inconsistency was 0.126
– 0.034. From the results, it can be seen that fit
(30.9 – 9.8 per cent) was perceived to be the most
important factor affecting comfort, followed by
protection (24.2 – 9.8 per cent), weight (16.8 – 7.2
per cent), thermal comfort (11.97 – 6.88 per cent),
sensorial comfort (8.32 – 5.1 per cent) and then
aesthetics (7.78 – 5.9 per cent). For a greater
understanding of these weightings the statistical
method of bootstrapping was utilized, to generate
the 95 per cent confidence ranges shown in Table 3.
These results indicate a clear difference between all
dimensions except for aesthetics and sensorial
comfort whose intervals were 6.84–9.20 and
7.49–9.49 respectively, as these are the only two
dimensions that overlap.
The data collected within this investigation were
also divided into different categories of players, male:
female (n¼ 72:28) andamateur :professional (n¼ 66:34)
(Fig. 4). When divided into the different categories, a
t test indicated no significant differences (p> 0.05)
between the different groups of players, demonstrating
a consistent trend between both sexes and across all
levels of performer. Although no significant differences
between these categories of players were found, the
large standard deviation within the dimensions does
suggest some differences of opinion between res-
pondents. To analyse these differences further, the
statistical method of clustering was used to analyse
whether there are any subgroups within the respon-
dents regarding the relative importance of the different
dimensions. Hierarchical clustering was used to study
the Euclidean distance to the furthest neighbour. As
shown in Fig. 5, the respondents can be split into two
distinct groups determined by the perceived impor-
tance of protection and fit. Subjects in group 1 placed a
higher emphasis on protection (n¼ 34), whereas those
in group 2 perceived fit to be of greater importance
when determining comfort (n¼ 56). Ten subjects
did not fit into either group. It was not possible, how-
ever, to identify a demographical characteristic that
separated the two groups.
4 DISCUSSION
Using cricket leg guards as an example, this study
aimed to develop a systematic method, from which
an appropriate and specific comfort model could be
developed, allowing for more in-depth information to
be utilized within the design process. The study also
investigated whether different groups of players per-
ceive different design aspects as having a greater
influence on comfort.
The inductive analysis and structured relationship
modelling process identified the major contributory
factors to players’ perceived comfort. This informa-
tion could be utilized in terms of identifying possible
trade-offs to be made while designing the leg guard to
increase user comfort. To achieve this, further infor-
mation was required regarding the importance of
each factor that contributes to perceived comfort.
This information was gathered through the use of the
AHP process which produced a hierarchy of the
comfort dimensions. These results highlighted per-
ceived fit, protection, and weight as being the most
important, while aesthetics and sensorial comfort
were identified as the least important factors. Within
the focus groups and interviews, however, the
appearance of the pads was a major talking point and
strong negative feelings were identified with pads
which were not of a traditional design.
‘I would never wear that pad, just look at it.’
‘If I went out in this, I may as well turn round and
come back in; I mean you would look ridiculous.’
‘These pads are good but they just don’t look like a
cricket pad; I would like these pads if they were not so
out there.’
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These comments highlight the necessity for a pad
to look good and to conform to traditional designs,
suggesting that aesthetics are of more importance
than emerged from the AHP. This discrepancy
demonstrates the benefit of incorporating different
processes within the method. Through combining
the results, it can be concluded that, as the majority
of pads still maintain traditional features, their
appearance does not have a large impact on overall
comfort. It is only when players are presented with a
completely unique modern pad without the tradi-
tional features expected that aesthetics begin to have
a considerable influence on comfort. These pads,
however, are much less common. The initial inter-
view process where pads are presented to the players
ascertains their feelings on the full range of pads
presented, whereas the questionnaire focuses more
on their perceptions of a typical pad, or the pads that
they currently use, which for most players will still be
a traditional-style pad.
Through the development of this structured rela-
tionship model and hierarchy, possible trade-offs can
be identified and assessed in accordance with the
end users’ preferences, improving more influential
parameters, while sacrificing parameters perceived to
be of lesser significance. The structured relationship
model also highlighted inter-dimension links which
were both positively and negatively correlated. These
links can be utilized to determine which design fea-
tures will increase or decrease the perception of
another. For example, as the amount of padding
increases, so does the perceived weight.
These results can be used to develop further qua-
litative and quantitative tests designed to gain a
greater understanding of how each general dimen-
sion affects perceived comfort and aid in building a
more detailed product design specification. The
approach from this study could also be utilized for
other pieces of sporting apparel and equipment, as
well as within other industries.
This study supports the work of Roberts et al. [29]
in demonstrating the effectiveness of combining a
practical element within the interview process to
stimulate more responses from participants, rather
than merely relying on retrospective analysis of pro-
ducts. The benefit of utilizing a practical evaluation
was highlighted by participants’ regular comparison
Table 3 Bootstrap 95 per cent confidence intervals for
10 000 replicates
Lower limit (%) Upper limit (%)
Weight 15.5 18.3
Thermal comfort 10.7 13.4
Protection 22.3 26.2
Fit 29.0 32.8
Sensorial comfort 7.5 9.5
Aesthetics 6.8 9.2
Fig. 5 Fit and protection weightings of the two clusters of participants identified within the cluster
analysis
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between their own pads and the different pads used
in the test.
‘This pad was a lot heavier than my pad so it made me
feel like I couldn’t move as well.’
No previous comfort analysis of sporting equip-
ment has identified specific comfort parameters as
perceived by the user, the extent that each parameter
contributes to overall comfort, or their interactions
that determine the users’ perceived comfort. This
study suggests that a comprehensive model of this
nature needs to be developed and utilized within the
design process to help to maximize user comfort and
performance, through incorporating the end user
within the design process at an earlier stage.
5 CONCLUSION
This study used a combination of qualitative meth-
ods to determine and construct a representative
comfort model for cricket leg guards, highlighting the
contributory effects of different characteristics that
need to be considered within the design process.
Initially, an inductive analysis was performed on
the data, identifying core dimensions which were
validated through a second data collection utilizing a
deductive analysis procedure. Further to this, inter-
dimension links were identified through the data
collection and portrayed within a structured rela-
tionship model. Six general dimensions, namely
weight, thermal comfort, protection, fit, sensorial
comfort and aesthetics emerged, which were related
through 13 inter-dimension links. The final develop-
mental stage of the comfort model was to assign
weightings to each of these dimensions through the
use of an online questionnaire and an AHP analysis
procedure. These results identified that fit was the
most important factor for comfort, followed by pro-
tection with aesthetics and sensorial comfort being
the least important factors.
This study has focused on cricket leg guards but
could easily be adapted for other sports and indus-
tries, which help to provide manufacturers with more
detailed information allowing for comfort to be
maximized and thereby increasing user satisfaction.
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APPENDIX
Notation
aij quantified judgement of a pair of elements
CI consistency index
CR consistency ratio
Ci element
n number of general dimensions
RI random consistency
w weighting
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